Abstract -The karyotype of Amorphophallus titanum is reported. Cytological preparations were obtained by Feulgen technique. A. titanum showed 2n-26 (2msc+14m+6sm+3st+lsts) with chromosome length varying from 8.5 to 3.5 µm. The intrachromosomal and interchromosomal asymmetry indexes were calculated. The possible relationships with other species of the same genus are analysed and discussed together with some hypotheses on the general mechanism involved in the karyotypic evolution of the species for which the karyotype formulas are known in the literature. Pollen and stigma were investigated for the first time by means of TEM and SEM. The pollen grains were also measured in water and glycerin under LO.
INTRODUCTION
In September 1994 and 1995 the Botanical Garden of Florence organized two expeditions to the Island of Sumatra to study Amorphophallus titanum (Becc.) Becc. ex Arcangeli and to collect its seeds and tubers. This plant (Figs. 1 and 2) is endemic to Sumatra and it produces the largest unbranched inflorescence in the world (up to 2.5 meters in height, CAMP 1937) . Although A. titanum was discovered by the Florentine naturalist Odoardo Beccari in 1878 (BECCARI 1878) , it has never been grown in the Botanical Garden of Florence or in other Italian botanical gardens (FABBRI 1994) .
Also considering the rarity of this species, it seemed worthwhile to do a more thorough study of its karyotype and pollen.
MATERIALS AND METHODS

Karyology
The karyological analyses were carried out on mitotic metaphase plates of meristematic cells taken from root apices of germinating seeds. Root tips of seeds were pretreated with colchicine, fixed in ethylic alcohol-acetic acid 3:1 for 5 minutes and then stained according to the Feulgen technique. Karyograms were prepared on enlarged prints of the original micrographs. Measures and values were processed by an Excel worksheet in order to obtain chromosome ordering, recognition of homologues, karyotype formulas according to centromere position (LEVAN et al. 1964) , intrachromosomal(A1) and interchromosomal (A 2 ) asymmetry indexes proposed by ROMERO ZARCO (1986) .
Palynology
For SEM analyses the reproductive structures were fixed in 4% glutaraldehyde in phosphate buffer 0.1 M (pH 7.2). They were then dehydrated in aceton series, critical point-dried with liquid CO 2 , mounted on aluminium stubs, coated with gold and observed by means of a Philips XL 20 Scanning Electron Microscope.
For TEM analyses the reproductive structures were fixed in 4% glutaraldehyde in phosphate buffer 0.1 M (pH 7.2) for 1 hour. Then they were post-fixed in OsO 4 at 2% in the same buffer for 3 hours. After a dehydration in alcohol series, they were embedded in Epon-Araldite. The sections obtained with LKB ultrotome IV and mounted on copper grids were stained with uranyle acetate and lead cytrate. The electron micrographs were obtained with a Philips EM 201-C, working at 80 kW.
Due to the high sensibility of the pollen grains to the traditional acetolysis method (ER-DTMAN 1960) for LM analyses, it was necessary to use a lighter acetolysis, keeping the pollen in the acetolysis fluid long enough to allow the temperature to reach from 65°C to 85°C (if the grains stay longer in the mixture they break down). Finally the pollen grains were measured in water and glycerina (50%); the measurements were done on a minimum of forty grains.
RESULT AND DISCUSSION
Karyology
The result of chromosome number was 2n=26 based on the monoploid number x=13 (Fig. 3) . The chromosome length has a range from 8,5 µm to 3.5 µm with average width of 0.5 µ,m.
Here the karyotype formula is presented for the first time. As seen in Fig. 3 sixteen chromosomes are metacentric (number 3 and 4 with a secondary constriction), six are submetacen- trie and four are subtelocentric of which one bears a small satellite.
The karyotype formula is: 2n=2x=26: 2msc+ 14m+6sm+3 st+1 sts
In the previous literature (CHANDLER 1943; TJIO 1948) only the chromosome number was given. Our data confirm their results.
In the genus Amorphophallus two monoploid numbers have been identified: x=13 and x=14 (MARCHANT 1971; LARSEN and LARSEN 1974; RAMACHANDRAN 1977; CHAUHAN and BRANDHAM 1985) . Most of the species are based on x=13 and can be diploids or triploids (2n=26,39); the species with x=14 are only diploids.
We analysed the possible relationships with other species of the same genus calculating the the intrachromosomal (A x ) and interchromosomal asymmetry indexes (A 2 ) of all the species reported below.
We compared only the species of which the karyotype formulas or the photos of the plates are known in the literature. The distribution of these species is shown in Fig. 4 and summarized here (HETTERSCHEID and ITTENBACH 1996) : In order to obtain homogeneous and comparable data, it was necessary to recalculate the karyotype formulas of the species published by CHAUHAN and BRANDHAM (1985) , since Levan's nomenclature was not used. The calculations were based on the photos of that article.
In MARCH ANT (1971) the karyotype formula was not calculated but since there is the photo of the plate it was also possible to recalculate the karyotype formula here (Table 1) .
The diagram of the intrachromosomal (Aj) and interchromosomal asymmetry index (A 2 ) is reported in Fig. 5 .
Our data can be used to show the affinities among the species and consequently to suggest the possible directions of evolution of the species of Amorphophallus analysed in this report.
From the diagram and the map of distribution it can be seen that A. titanum has an intrachromosomal and interchromosomal indexes very similar to A. variabilis, a plant that lives in an area adjacent to Sumatra; consequently they seem to be phylogenetically close.
In the diagram a group of species with similar indexes can be distinguished, all of which are situated in the eastern part of Africa (A. goetzei, A. maximus, A. hildebrandtii, A. gal-laensis, and A. abyssinicus) .
A. prainii and A. paeonifolius, of the group with x=14, have very close indexes. They are also the ones with the smallest chromosomes and little DNA value (CHAUHAN and BRAND-HAM 1985) . They have an intermediate intrachromosomal index and the lowest interchromosomal index which are supposed to be a measure of karyotype evolution. MARCHANT (1971) suggested that species with a basic number of x=13 chromosomes are derived from ancestors with x=14. Since it is currently accepted that within a single basic chromosome number the taxa with low DNA values are usally less advanced than those with high DNA values (CHAUHAN and BRANDHAM 1985) , CHAUHAN and BRANDHAM (1985) suggested that the ancestor with x=14 could be A. prainii. While CHAUHAN and BRANDHAM (1985) arrived at their conclusion based on a relatively small amount of data, this research confirms their thesis using more exhaustive data.
The two triploids (A. bulbifer and A. muelleri) have very different indexes, so they seem to be phylogenetically distant.
Palynology
The pollen grains are slightly ovoid with the diameter averaging 65 (µ,m (57 µ,m minimum, 75 µ,m maximum) (Figs. 6a, 7a) . For the first time the morphology of the pollen grains was also analysed by means of TEM and SEM.
The grain surface is quite psilate and inaperturate, both under LM and SEM, (Fig. 6b) . The exina is without columellae and it does not have sculptural elements (Figs. 6b, 7a) .
The pollen wall consists of three clearly distinguishable layers (Fig. 7a, b) . The external one is the thickest (0.8 µ,m) with an irregular upper outline; it is formed by homogeneous matrix that becomes lamellar in its deepest part, the ectexine. The second layer, the endexine, 0,75. µ,m, thick, is darker than the former and has a lamellar matrix. The third layer which separates the endexine from the cytoplasm, is about A. variabilis (v) , A yunnanemis (y). 0,5 µ,m thick and has irregular limits and a homogeneous matrix and can be considered intine.
Many abortive grains can be found interposed between the normal pollen grains (Fig. 6  c, d ). They are smaller, 30-35 µ,m in diameter more or less collapsed. With the Hrishi's stain (HRISHI 1960) it was shown that these grains lack cytoplasm (Fig. 6c) . These sterile grains are 30% of the total number of grains. It should be noted that the count must be done on untreated material because with whathever any kind of treatment used these grains remain in the supernatant.
The position of the abortive grains which remained attached to the normal grains, gives us cause to believe that the meiosis leads to the formation of T-shaped tetrads, as already noted in other plants of the same family (PACINI and JUNIPER 1983) . The stigma is roughly ovoid in shape (Fig.  7c) , considerably developed (about 3,5 cm. in diameter), generally bilobed and covered with large unicellular stigmatic papillae. These papillae have a cylindrical shape, round on the apex from 70 to 180 µ,m in length. They are about 15 µ,m in width, immersed in an exudate secretion that they produce. This kind of stigma is conse-quently a "wet stigma" (HESLOP-HARRISON 1981) .
The pollen tubes observed on the stigma have a diameter up to 12 µ,m (Fig. 7d) .
The general aspect of the pollen is in accordance with what has been observed in most of the species of the tribe Amorphophallae, as THANIKAIMONI (1969) reported. It is inapertur-ate and in particular in the genus Amorphophal-lus, the exine is in most cases psilate as in A.bulbifer, A. lambii, A. prainii, A. eichleri, and A. gliruroides or striate as in A. gallaemh, A. konjac, A. yunnanensis, A. krausei, A. chlorospathus, A. commutatus, A. purpurescens and A. variabilis (THANIKAIMONI 1969; GRAYUM 1985) .
